INTRODUCTION
In an attempt to explain the superior spatial skill of males, several studies have investigated the hypothesis that spatial ability is enhanced by an Xlinked recessive gene.
Some of the evidence based on intrafamilial correlations supports the X-linkage hypothesis of superior male spatial ability (Stafford, 1961 ; Hartlage, 1970; Bock and Kolakowski, 1973; Yen, 1975) while more recent work, including our own, does not (DeFries et al., 1976a (DeFries et al., , 1979 Bouchard and McGee, 1977; Loehlin et al., 1978; Park et al., 1978; Jardine and Martin, 1983) .
While the X-linkage hypothesis now seems unlikely, the evidence that experiential factors are critical in the development of spatial skills is not convincing. If sex differences in spatial skill reflect differential learning due to sex-typed activities, then appropriate training should result in improved performance. Brinkmann (1966) , studying male and female high-school students, found after 3 weeks of instruction that the girls did not significantly differ from the boys in their performance on the Spatial Relations Subtest of the Differential Aptitude Test. Other workers have not been able to demonstrate the positive effects of training (Faubian et al., 1942; Smith, 1948; Thomas et al., 1973; McGee, 1978) or have shown that increases in performance following training do not generalize to a related test (Connor et al., 1978) . Furthermore, McGee (1979) has argued that even if an increase in performance is obtained after training on spatial tasks, this does not explain the sex difference. Assuming that the female deficit in spatial ability results from differential learning experience, then females should respond more favorably than males to training. McGee (1979) has found no evidence for a differential response to training on spatial tasks.
The ubiquity of sex differences in spatial tasks also argues against the importance of experiential factors. Male superiority on spatial tasks has been demonstrated in America, Europe, India, South Africa, and Australia (see Porteus, 1965, Chap. 6) . While this may reflect similarities in the experiences of males and females across cultures, it may also reflect an evolutionary basis for sex differences in spatial ability.
Inspired by the sex-linkage hypothesis, Kolakowski and Malina (1974) argued that throwing accuracy in males would have been necessary for successful hunting, that spatial ability is involved in throwing accuracy, and that the superior male spatial skill evidenced today is a remnant of this past selection. As evidence for this argument they found a significant positive relationship between spatial ability (as measured by the PMA spatial test) and vertical accuracy in a ball-throwing task.
In fact, Kolakowski and Malina's argument and the interpretation of their findings are quite independent of the sex-linkage hypothesis and are equally compatible with sex-limited gene expression or other forms of transmission. Nevertheless, their results suggest a possible evolutionary origin for sex differences in spatial ability. We have attempted to replicate Kolakowski and Malina's (1974) finding by investigating the relationship between spatial ability and throwing accuracy in a sample of twins and their parents.
METHOD

Subjects
A sample of 83 pairs of twins (20 MZ males, 12 MZ females, 14 DZ males, 17 DZ females, 20 DZ opposite sex) and their parents was obtained from the Australian NH and MRC Twin Registry. The twins were aged between 13 and 19 years.
Data were collected for Kolakowski and Malina's (1974) test of throwing accuracy, several spatial visualization tasks, IQ (Raven's Pro-gressive Matrices), and personality measures (16PF). Only the results for spatial ability and throwing accuracy are reported here.
Tests were administered in the following order.
Tests of Throwing Accuracy. Two tests of throwing accuracy
were employed. The first was identical to Kolakowski and Malina's (1974) vertical ball-throwing task. The second, a horizontal ball-throwing task was an adaptation of Kolakowski and Malina's task considered to be more suitable for females. The Vertical Ball-Throwing Task required subjects to throw tennis balls at a vertical target, 2.7 x 2.7 m, on which were inscribed five concentric circles from 0.3 to 1.5 m in diameter. The center of the "bull's eye" was 1.35 m from the floor. The target was divided into a grid of 81 0.3-m squares to enable scoring.
Three measures were derived from each throw: (1) vertical deviation-the absolute distance from the central row in either direction, scored 0 to 4; (2) horizontal deviation--the absolute distance from the central horizontal row, scored 0 to 4; and (3) radial distance--calculated as the square root of the sum of squares of the horizontal and vertical deviations (i.e., the straight-line distance from the center of the target to the grid section where the ball hit).
The subjects (at a distance of 9.0 m from the target) were allowed 20 overarm practice throws at the target, after which they executed another 20 overarm throws that were recorded. The score recorded for each throw was the number of the square where the ball hit. If the ball missed the target, both vertical and horizontal deviations were scored 5. The three measures of accuracy were derived from the mean of 20 throws.
The Horizontal Ball-Throwing Task was a slightly modified version of the above. The target was lying on the floor but had the same dimensions as, and markings similar to, the vertical ball-throwing target (except that the concentric circles were omitted).
Subjects stood 9.0 m from the center of the target and threw 20 underarm practice throws followed by 20 test throws that were recorded. The three measures of accuracy derived for the vertical ball-throwing task were also calculated for each test throw in the horizontal ball-throwing task.
The horizontal and vertical direction variables used by Kolakowski and Malina (1974) , in which deviations are given values of 0.5 to 9.5, are clearly not accuracy scores because, when averaged over 20 throws, they merely measure the bias in the scatter of throws. For this reason, we have not included them in our study.
The horizontal aiming task was considered more suitable than the vertical task for females since it required underarm rather than overarm throwing. When throwing ability has been studied it has been consistently found that males are superior to females, even in children as young as 3.5 years (Gesell et al., 1940) . The superior ability of males reflects their more efficient throwing style and greater coordination in making overarm movements (Gesell et al., 1940) . Underarm throwing in the horizontal ball-throwing task eliminates a movement females find awkward. Thus the task may give a more accurate reflection of the aiming skill of females than the vertical task. (Money et al., 1965) . This test consists of a schematic outline map of several city streets with a standard route marked through the streets. The subject must imagine following the route and decide whether each turn on the route would be to the left or the right. This untimed test was modified because pilot work showed that, in its original form, it provided little discrimination between subjects. It was therefore administered with a 1-min time limit, which a second pilot trial suggested would provide a more adequate distribution of scores. (French et al., 1963) . This test involves mental spatial transformations in three dimensions. It consists of 20 items which illustrate two or three folds being made in a square sheet of paper. A drawing of the folded paper shows where a hole is punched in it. The subject selects one of five drawings to show how the sheet would appear when fully opened. (French et al., 1963) . This is a test of three-dimensional spatial orientation. It consists of 42 items, each presenting two drawings of a cube. Assuming that no cube can have two faces alike, the subject is asked to indicate which items present drawings that can be of the same cube and which present drawings of cubes that must be different.
Money's Road Map Test of Direction Sense
Paper Folding Test
Cube Comparisons Test
Scores for the number of correct responses on each of the spatial tests were obtained. Table I shows the means and standard deviations for the throwing accuracy and spatial ability variables broken down by sex and generation. To assess whether there were any overall significant differences in the means of the four groups, one-way analyses of variance were performed. The between-groups term was significant for all variables and orthogonal contrasts of the means for the effects of sex, generation, and the sex • generation interaction are shown in Table II . For all the throwing accuracy measures, males performed significantly better than females and twins significantly better than their parents, the sex • generation interactions indicating that the sex effects were significantly more pronounced between fathers and mothers than between male and female twins. Because the accuracy variables are all positively skewed, the analysis of variance and contrasts were repeated with square root and logarithmic transformations of the raw measures but this made no difference to the significance of the results.
RESULTS
The three spatial visualization tests all showed significant differences in sex and generation means. For both the Cube Comparisons and the Paper Folding Tests males performed better than females, and twins better than parents. For Money's Road Map Test of Direction Sense the performance of males was again superior to that of females but the generation effect was reversed, parents scoring better than twins. Thus, while the superior performance of males was consistently observed in the various tests of spatial skill (cf. Hyde, 1981; Maccoby and Jacklin, 1974), generation differences were also important, with female twins sometimes performing at least equal to, or better than, fathers, as, for example, in the Paper Folding Test.
Because of these differences in sex and generation means, we examined the relationship between spatial ability and throwing accuracy separately for mothers, fathers, and male and female twins. Significant correlations were found between age and several of the spatial and throwing accuracy tests, so we calculated age-corrected partial correlations between these measurements (Table lII) . Because we have made a clear prediction that spatial ability will enhance throwing accuracy, we expect to find negative correlations (low values for the throwing variables representing greater accuracy) and thus may employ one-tail tests of significance.
Of 72 correlations, 53 are less than zero, of which 25 are significant at the 10% level, 13 at the 5% level, and 1 at the 1% level, considerably more than expected by chance alone. Recalculation of the partial correlation coefficients with square root or logarithmic transformations of the accuracy variables resulted in only trivial alteration of the values tabled.
DISCUSSION
Our finding that males score better on both throwing accuracy and spatial tests supports earlier results (Gesell et al., 1940; Stafford, 1961) . We have also found generation differences to be important, with female twins sometimes equaling the fathers' performance. It is not clear, however, whether the generally superior spatial ability and throwing accuracy of the adolescent twins are due to the decline in these abilities and skills in adults or to the greater familiarity of test taking and ball throwing that would be expected in school-age twins (cf. Walker et al., 1981) .
It has been suggested that these sex differences in spatial ability reflect the evolutionary adaptations that would have been necessary in the historical role of males as hunters (Masica et al., 1969) . Kolakowski and Malina (1974) tested a corollaly of this hypothesis by attempting to relate spatial skills to throwing accuracy, a skill that would presumably have been important in hunting. In most respects we have replicated their finding of a significant relationship between spatial ability and throwing accuracy, although our correlations are lower than the value of 0.37 which they reported from a sample of 67 boys aged 14 to 16 years, similar to our male twin sample. Despite the fact that we have found significant correlations between spatial ability and throwing accuracy, they are too small for it to be practical to explore the genetic and environment causes of this covariation (Martin and Eaves, 1977) , particularly since our family data are compatible with only low degrees of genetic variation for these traits (Jardine and Martin, 1983) .
In contrast to the results of these authors, however, we find correlations to be equally large with both the horizontal and the vertical components of accuracy. The fact that correlations in twins are strongest with the underarm throwing task may indicate that this is a more valid test of accuracy than the vertical throwing task which involves the learned skill of throwing overarm, this being particularly difficult for females. Of the correlations significant at the 5% level, nine are with the test of direction sense (RMT), four with the Paper Folding Test (PF), and none with the Cubes Comparison Test (CC). Although none of the tests of spatial ability we used was the same as that used by Kolakowski and Malina (1974) , they represent the major components of spatial ability as identified by Michael et al. (1957) and presumably sample skills similar to those measured by the PMA spatial test. Kolakowski and Malina (1974) also speculated that spatial ability may have been selected for in direction finding, a further important skill for nomadic hunters. While we included no practical task to measure this skill in the present study, correlations of 0.30 to 0.39 between the test of direction sense (RMT) and the other two spatial tests (PF and CC) support the notion that this may also be a fruitful area in which to explore an evolutionary origin of superior male spatial ability.
